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Abstract

Objective: To investigate the relationships of two main physical activity domains
(during leisure and at work) with cardiovascular risk factors and eating habits.
Design: Cross-sectional study.
Setting: Preventive medicine centre.
Subjects: In 5478 adults (32% women, aged 20–80 years) who consecutively
underwent a standardised health examination, leisure-time physical activity (LTPA;
i.e. non-sport leisure and sport activities), occupational physical activity (OPA) and
eating habits were assessed by self-administered questionnaires. We analysed sex-
specific relationships of LTPA and OPA (in quartiles) with (1) various cardiovascular
risk factors and (2) eating habits using analysis of variance and logistic regression,
respectively.
Results: In both genders, with and without adjustment for education in addition to
age, LTPA was associated negatively with body mass index, body fat, waist
circumference, resting heart rate, diastolic blood pressure and triglycerides, and
positively associated with high-density lipoprotein cholesterol (all P # 0.005). OPA
adjusted for age only was positively associated with most cardiovascular risk factors
but these associations were not significant after further adjustment on education
(except for waist circumference in women). Age- and education-adjusted LTPA was
associated with increased frequency of consumption of fruits (odds ratio (OR) ¼ 2.05,
95% confidence interval (CI) 1.68–2.52 in men; OR ¼ 1.90, 95% CI 1.41–2.05 in
women) and vegetables (OR ¼ 1.81, 95% CI 1.48–2.21 in men; OR ¼ 2.22, 95% CI
1.66–2.97 in women).
Conclusions: The data emphasise the favourable associations of LTPA, a modifiable
behaviour, with various cardiovascular risk factors and healthy eating habits. The
results also suggest that the relationships of OPA with cardiovascular risk factors
depend, at least in part, on socio-economic status as reflected by educational level.
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Cardiovascular disease (CVD) remains the leading cause

of death in many industrialised countries. It is now well

recognised that a physically active lifestyle is associated

with decreased CVD risk1. One of the mechanisms for

decreased CVD risk with increasing physical activity is

through the action of physical activity on established CVD

risk factors, such as levels of blood pressure or lipids2.

There is also some evidence, although less abundant, that

physical activity is associated with eating habits conferring

protection towards CVD, such as higher intakes of fruits

and vegetables3–8.

Habitual physical activity is usually defined as ‘any

bodily movement produced by the contraction of skeletal

muscle and that substantially increases energy expendi-

ture’1. Based upon the context in which physical activity

occurs, common domains are leisure-time (including

sports) and occupational physical activity9. Whereas early

studies on physical activity and CVD assessed physical

activity at work, most subsequent research has focused on

leisure activity, often assumed to best represent physical

activity in a population9. Current public health recommen-

dations emphasise the importance of physical activity

accumulated in the various settings of daily living,

including leisure and sports, occupational and transport

or home physical activity1.

Recent data about occupational physical activity (OPA)

in relation with CVD risk provide mixed results, some

studies showing no relationship10 and others an inverse

association11 with CVD mortality. An intriguing finding

is that some of the studies that documented inverse (i.e.
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favourable) associations between leisure-time physical

activity (LTPA) and CVD risk factors such as body mass

index (BMI), blood pressure or lipid levels also found

concurrent positive (i.e. unfavourable) or non-significant

associations between OPA and the same risk factors12–19.

In this context, few recent studies have explored the

relationships of both LTPA and OPA with eating habits that

might protect against CVD6.

The aim of the present study was to investigate the

relationships of LTPA (including sports) and OPA with (1)

several clinical and biological CVD risk factors and (2)

eating habits in French adults seen in a preventive

medicine setting.

Methods

Subjects and setting

Subjects were examined at the Centre d’investigations

préventives et cliniques (IPC Centre, Paris, France), a

preventive medicine centre subsidised by the French

national health care system (Caisse Nationale d’Assurance

Maladie), which provides free medical examinations on a

5-year basis for all working and retired persons and their

families. Since 1970, this centre has carried out approxi-

mately 20 000–25 000 examinations per year for people

living in the Paris area20. Consecutive subjects examined at

the IPC Centre between June and September 2001 were

asked to participate in this study. Acceptance rate was

91%. After excluding pregnant women (n ¼ 13), data from

5478 subjects (3737 men and 1741 women) aged 20–80

years were available for analysis.

Sociodemographic characteristics of the subjects were

assessed using a standardised self-administered question-

naire20. Educational level was coded into three categories

according to the highest certification obtained (below high

school, between high school and 2-year college, college

graduate or higher). Data on smoking status (current,

former or never smoker) and alcohol intake (#20 g day21

or .20 g day21 according to the number of drinks per

day) were collected using the same questionnaire. The

study protocol was approved by a national ad hoc

committee, the Commission Nationale de l’Informatique et

des Libertés. At the time of examination, all subjects gave

their informed written consent to have their data used for

epidemiological studies.

Assessment of physical activity and eating habits

Physical activity was assessed using the Baecke

questionnaire21. This questionnaire assesses the habitual

level of physical activity according to the setting in

which it occurs, as described in detail elsewhere21,22.

Briefly, it consists of 16 questions organised in three

sections: physical activity at work (questions 1 to 8),

sport during leisure time (questions 9 to 12) and

physical activity during leisure time excluding sport

(questions 12 to 16). Questions in each section are

scored on a five-point Likert scale, ranging from never

to always or very often. For the most frequently

reported sports activities, additional questions query the

number of months per year and hours per week of

participation. The three derived indices, work, sports

and non-sports leisure, are scored in arbitrary units

ranging from 1 to 5. In this report, OPA refers to results

for the work index and LTPA refers to results for the

sum of sports and non-sports leisure indices.

The Baecke questionnaire has been used in a number of

studies in various populations and its properties (validity,

reliability) have been tested22. In a study in 19 Dutch male

subjects aged 40 years, the correlation coefficient between

total activity (sum of work, sports and non-sports leisure)

and average daily energy expenditure measured by the

doubly-labelled water technique was 0.6223. The sports

and non-sports leisure indices of the French version of the

Baecke questionnaire have been evaluated for validity

using maximal aerobic capacity ( _VO2max) as criterion24: in

118 male subjects aged 30–58 years, correlation coeffi-

cients were 0.53 for the sports index and 0.44 for the

leisure index (both P , 0.001). In the original publication

by Baecke et al.21, in 139 men and 167 females aged 20 to

32 years, 3-month repeatability coefficients were 0.88, 0.81

and 0.74 for work, sport and leisure indices, respectively.

In 78 men and women aged 20–59 years, age- and sex-

adjusted correlation coefficients for 1-month test–retest

repeatability were 0.78, 0.90 and 0.86 for work, sport and

leisure indices, respectively25; sex-specific correlation

coefficients were 0.92 in men and 0.90 in women for

leisure-time activity (sum of sports and non-sports

leisure)26.

Habitual food intakes were assessed using an adapted

version of a short self-reported food-frequency ques-

tionnaire, the NAQA (18 items), designed for use in

preventive medicine centres in France27. Questions used

in the present paper pertained to the composition of the

habitual breakfast (continental breakfast, English break-

fast, nothing or only a beverage), the amount of meat

eaten per day (less than 100 g day21, between 100 and

200 g day21, more than 200 g day21), the weekly

frequency of eating fish, fresh fruit and vegetables (for

each item: less than 2 times week21, between 2 and 4

times week21, more than 4 times week21). This

questionnaire has been used in epidemiological settings

similar to ours28 and validated versus face-to-face inter-

view with the dietary history method27. In that study

among 250 men and 250 women aged 17 to 60 years seen

for a health check-up at a preventive medicine centre in

Tours, France, correlation coefficients between the

methods ranged between 0.49 and 0.80 for energy and

macronutrient intakes27.

Assessment of CVD risk factors

Anthropometric and body composition data were col-

lected with subjects in indoor clothing and no shoes.
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Height was measured to the nearest 0.5 cm with a wall-

mounted stadiometer. Bioelectrical impedance analysis

was used to assess body fat percentage, using a bipodal

device with inbuilt scales measuring body weight at the

same time (Tanita TBF-310; Tanita Corp., Tokyo, Japan)29.

Assessment of body composition by the foot-to-foot Tanita

device has been shown to give similar results to the more

traditional foot-to-arm devices29. BMI was calculated as

body weight divided by the square of height (kg m22).

Waist circumference, as an indicator of abdominal fat, was

measured using an inelastic tape as the circumference

midway between the lower rib and the iliac crest on the

mid-axillary line. Supine blood pressure was measured by

a nurse in the right arm using a manual mercury

sphygmomanometer, after a 10-min rest period. The first

and fifth Korotkoff phases were used to define systolic and

diastolic blood pressure. Resting heart rate was measured

with a standard 12-lead electrocardiogram. Biological

measurements were performed on venous blood samples

collected after a 12 h fast using standard methods

(Technicon SMA 12, Hitachi, France).

Analyses

Since physical activity patterns and levels of CVD risk

factors differed between genders, all analyses were

performed separately in men and women. Between-

gender comparisons were performed by t-tests for

continuous variables and by chi-square tests for categori-

cal variables. Sex-specific quartiles of leisure-time and

occupational physical activity scores were defined.

Relationships of LTPA and OPA with each CVD risk factor

were assessed using multivariate analysis of variance.

Relationships of LTPA and OPA with eating habits were

assessed using multivariate logistic regression analysis. In

both procedures, adjustments were performed for age,

then for age and educational level, to investigate how this

socio-economic indicator may affect the associations

between physical activity and CVD risk factors or eating

habits. Further adjustment for OPA was performed in

analyses with LTPA, and for LTPA in analyses with OPA.

Additionally, smoking status and alcohol consumption

were adjusted for. For eating habits, results from the

logistic regression analyses are presented as odds ratios

and their 95% confidence intervals. The lowest physical

activity quartile was used as the reference category.

Interaction factors were considered in order to evaluate

possible heterogeneity in the associations between

physical activity and CVD risk factors or eating habits

across levels of other factors such as educational level. For

continuous variables, general descriptive data are pre-

sented as mean and standard deviation (SD), data from

multivariate models are presented as mean and standard

error of the mean (SEM). The SAS statistical package

(version 6.12; SAS Institute, Cary, NC, USA) was used for

all analyses.

Results

Table 1 shows the characteristics of the study subjects. A

majority of subjects were in the age range 30–59 years:

82% in men, 69% in women. Based on BMI $30 kg m22,

9.9% of men and 8.4% of women were obese (P ¼ 0.10 for

between-gender comparison). In men and women

respectively, 30.5% and 25.6% were current smokers,

40.9% and 58.6% were never smokers (P , 0.001 for

between-gender comparison). For physical activity, 56%

of men engaged in at least one sport compared with 49%

of women (P , 0.0001 for between-gender comparison).

In men and women, 20.3% and 38.2% of subjects,

respectively, reported having no professional occupation

for the past 6 months (P , 0.0001 for between-gender

comparison). For physical activity scores, the sport index

and the total LTPA index (sum of sports and non-sports

activities) were significantly higher in men than women

(P , 0.0001). In both genders, scores for OPA did not

differ significantly across quartiles of LTPA (men: 2.48

(0.02), 2.53 (0.02), 2.56 (0.02), 2.56 (0.02); women: 2.47

(0.02), 2.58 (0.04), 2.55 (0.04), 2.59 (0.04); mean (SEM)).

For alcohol consumption, 8.9% of men and 18.8% of

women did not drink alcohol, 65.2% of men and 73.8% of

women consumed less than 20 g day21, and 25.9% of men

and 7.4% of women drank more than 20 g day21.

For LTPA, when adjusted for age only, significant

(P ¼ 0.0001) negative associations were observed in both

genders with BMI, body fat percentage, waist circumfer-

ence, resting heart rate, diastolic blood pressure and

triglycerides, whereas a positive association was found

with high-density lipoprotein cholesterol (HDL-C); a

negative association was found with systolic blood

pressure in women (P ¼ 0.0002) but not in men

(P ¼ 0.61); in both genders, no significant association

was found with fasting blood glucose. With further

adjustment for educational level, the same trends were

observed in both genders (Table 2). After further

adjustment for OPA, smoking status and alcohol con-

sumption, these relationships were unaltered (data not

shown).

For OPA, when adjusted for age only, significant

positive relationships were observed with BMI (men:

P ¼ 0.002; women: P ¼ 0.003), body fat percentage (men:

P ¼ 0.02; women: P ¼ 0.03), waist circumference in

women (P ¼ 0.0006), systolic and diastolic blood pressure

in men (P ¼ 0.0007 and P ¼ 0.02, respectively), and

resting heart rate in men (P ¼ 0.004). With further

adjustment for educational level, the only positive

relationship that remained significant was with waist

circumference in women (Table 3). Essentially the same

results were found after further adjustment for LTPA,

smoking status and alcohol consumption (data not

shown).

Analyses of the relationships of LTPA and OPA (in

quartiles) with eating habits were performed following
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the same successive steps for adjustment. In both

genders, results for LTPA were not substantially

modified after adjustment for educational level in

addition to age. As shown in Table 4, subjects in

higher quartiles of LTPA were more likely to eat a

complete breakfast as well as fruits and vegetables

more than 4 times per week, and less likely to eat more

than 200 g of meat per day. The same pattern was

found after further adjustment for OPA, smoking status

and alcohol consumption (data not shown). For OPA,

with adjustment on age and educational level, the only

significant trends observed were, in women, a

decreased likelihood for eating a complete breakfast

and an increased likelihood for eating more than 200 g

of meat per day in higher quartiles of OPA (data not

shown). Additional adjustment for LTPA, smoking status

and alcohol consumption did not alter these results.

Associations of LTPA and OPA with CVD risk factors and

eating habits were also analysed after stratification by

educational level. No significant interaction was found

with educational level in the relationships between

physical activity and CVD risk factors or eating habits

(data not shown).

Discussion

The results of this study document that, in French

adults of both genders, relationships of physical activity

with several markers of CVD risk and eating habits

differ markedly according to the setting in which

physical activity takes place. The data emphasise LTPA

as an important health behaviour in relation to CVD

risk, independently of educational level and physical

demand at work. Contrasting with results on LTPA, age-

adjusted data for OPA were related in an unfavourable

way to CVD risk factors; however, most of these

associations were no longer significant after taking

account of educational level.

In agreement with several previous reports, LTPA and

OPA activity were consistently differently associated with

indicators of overall corpulence such as BMI14,16–19,

indicators of body fat distribution such as waist

circumference14,17,18, resting heart rate17,18, diastolic

blood pressure12,17, triglycerides18 and HDL-C16. In some

other reports, however, low levels of both LTPA and OPA

were related to increased levels of risk factors such as

blood pressure30, lipids31 or BMI (in women)32. Differ-

ences in study populations, in trends over time in CVD risk

factors and related lifestyle variables32 and in assessments

of habitual physical activity may partly explain these

discrepancies. Results were more heterogeneous for

systolic blood pressure. Other studies suggest that the

relationships of habitual physical activity during leisure

with blood pressure may be less consistent than

associations with biological risk factors such as triglycer-

ides and HDL-C concentrations18,33.

In contrast to most previous studies which each

focused on a rather limited number of CVD risk factors,

we assessed a large panel of CVD risk markers,

including body fat as evaluated by bioimpedance

Table 1 Characteristics of the subjects

Men (n ¼ 3737) Women (n ¼ 1741) P

Age (years) 46.1 (11.0) 46.3 (13.0) 0.58
Body mass index (kg m22) 25.6 (3.5) 23.7 (4.3) ,0.0001
Body fat percentage 21.2 (5.8) 29.4 (7.9) ,0.0001
Waist circumference (cm) 90.5 (9.9) 76.7 (10.1) ,0.0001
Educational level (%)

, Junior high school 27.6 34.9 ,0.001
, 2-year college 29.3 36.7
. College graduate 43.1 28.4

Physical activity scores
Sport index (1) 2.64 (0.76) 2.33 (0.75) ,0.0001
Non-sport leisure index (2) 2.77 (0.62) 2.79 (0.63) 0.27
Leisure-time physical activity (1 þ 2) 5.45 (1.08) 5.18 (1.13) ,0.0001
Work index (occupational physical activity) (3) 2.55 (0.70) 2.57 (0.69) 0.32

Eating habits (%)
Complete breakfast 70.5 77.1 ,0.0001
Meat .200 g day21 7.2 5.0 0.002
Fish .4 times week21 3.3 4.3 0.053
Vegetables .4 times week21 37.8 53.5 ,0.0001
Fresh fruit .4 times week21 38.7 53.0 ,0.0001

Systolic blood pressure (mmHg) 134 (18) 127 (20) ,0.0001
Diastolic blood pressure (mmHg) 80 (12) 75 (12) ,0.0001
Resting heart rate (beats min21) 61.6 (10.3) 64.0 (9.8) ,0.0001
Fasting plasma glucose (g l21) 0.98 (0.14) 0.92 (0.12) ,0.0001
Total cholesterol (g l21) 2.20 (0.42) 2.14 (0.41) ,0.0001
High-density lipoprotein cholesterol (g l21) 0.62 (0.16) 0.78 (0.19) ,0.0001
Triglycerides (g l21) 1.14 (0.89) 0.81 (0.50) ,0.0001

Values for quantitative variables are means (standard deviation). Comparison between genders was performed by
t-tests (quantitative variables) or chi-square tests (qualitative variables).

Physical activity and cardiovascular risk factors 749



analysis. We used a physical activity questionnaire

designed to assess various dimensions of habitual

physical activity, which in particular may improve

assessment of OPA compared with rather crude

evaluations based on type of occupation or job title.

It should also be noted that a number of previous

reports were only in men12–14. Our results indicate that

similar differential relationships of LTPA and OPA with

CVD risk factors are found in both genders, although

the data show the known gender differences in physical

activity patterns (with women generally less active than

men)1,34 and CVD risk factors (with women generally

having lower levels of major risk factors)35.

We observed that LTPA, but not OPA, was associated

with eating habits that may protect against CVD, such as

more frequent intake of fruits and vegetables, more

frequent intake of fish (in men) and less frequent intake of

meat36,37. Similar relationships with eating habits were

reported in a few studies that dealt with LTPA only in

populations from the USA3,4,7, Germany5 and Spain8.

French data with which we could compare our results are

scarce. In middle-aged French men included in the PRIME

(Prospective Epidemiological Study of Myocardial Infarc-

tion) cohort, increased frequency of vegetable and fruit

consumption as well as fish consumption was found to be

associated with energy expended during LTPA38. In a

recent study where OPA and LTPA were concurrently

assessed, heavy manual work in adults from the Spanish

EPIC (European Prospective Investigation into Cancer and

Nutrition) cohort was found to be positively associated

with fruit and vegetable intake6, pointing to the need for

further investigation of this issue in various populations. In

the present study, subjects in the highest quartiles of LTPA

were also more likely to have a breakfast that was not

limited to a beverage. Being active during leisure time was

associated with regular breakfast habit in one German

study5. Although most of our subjects eating breakfast

regularly consumed a ‘continental’ type of breakfast (data

not shown), it is interesting to note that whole-grain

breakfast cereal intakes were recently shown to be

inversely associated with CVD mortality in the Nurses’

Health Study39. Overall, the specific dimension of physical

activity during leisure time, in contrast with physical

activity at work, appeared to be associated with a healthier

food intake pattern. This is in line with studies in adult

populations showing that LTPA tends to cluster with other

health-related behaviours including so-called ‘prudent’

dietary patterns40.

In this study, most relationships of OPA with CVD risk

factors were no longer significant when adjustment on

educational level was performed in addition to age. This

suggests that socio-economic status, as assessed by

educational attainment, accounts at least in part for the

unfavourable associations of physical activity at work with

Table 2 Mean (standard error of the mean)* cardiovascular risk factors according to quartile of leisure-time physical
activity

Q1† Q2 Q3 Q4 P‡

Men
n 805 906 922 943
Quartile limits 2.25–4.50 4.75–5.25 5.50–6.00 6.25–9.75
Age (years) 45.2 (10.7) 46.0 (11.0) 46.4 (11.0) 46.3 (11.2) –
Body mass index (kg m22) 26.1 (0.1) 25.4 (0.1) 25.4 (0.1) 25.3 (0.1) 0.0001
Body fat percentage 22.5 (0.2) 21.2 (0.2) 20.9 (0.2) 20.4 (0.2) 0.0001
Waist circumference (cm) 92.9 (0.3) 90.8 (0.3) 89.7 (0.3) 89.1 (0.3) 0.0001
Systolic blood pressure (mmHg) 135.0 (0.6) 134.0 (0.6) 134.0 (0.6) 134.0 (0.6) 0.45
Diastolic blood pressure (mmHg) 81.0 (0.4) 80.0 (0.4) 80.0 (0.4) 79.0 (0.4) 0.005
Resting heart rate (beats min21) 64.0 (0.4) 62.9 (0.4) 60.8 (0.3) 59.0 (0.3) 0.0001
Fasting plasma glucose (g l21) 0.99 (0.01) 0.99 (0.01) 0.98 (0.01) 0.98 (0.01) 0.35
Total cholesterol (g l21) 2.22 (0.01) 2.19 (0.01) 2.21 (0.01) 2.17 (0.01) 0.05
High-density lipoprotein cholesterol (g l21) 0.60 (0.01) 0.62 (0.01) 0.63 (0.01) 0.65 (0.01) 0.0001
Triglycerides (g l21) 1.25 (0.03) 1.17 (0.03) 1.14 (0.03) 1.01 (0.03) 0.0001

Women
n 398 391 391 424
Quartile limits 2.25–4.25 4.50–5.00 5.25–5.75 6.00–8.75
Age (years) 46.3 (12.9) 45.5 (13.1) 46.5 (13.2) 44.8 (12.3) –
Body mass index (kg m22) 24.5 (0.2) 23.7 (0.2) 23.3 (0.2) 22.8 (0.2) 0.0001
Body fat percentage 30.6 (0.4) 29.6 (0.4) 28.8 (0.4) 27.8 (0.4) 0.0001
Waist circumference (cm) 78.3 (0.5) 76.8 (0.5) 75.5 (0.5) 74.8 (0.5) 0.0001
Systolic blood pressure (mmHg) 129.0 (0.9) 126.0 (0.9) 126.0 (0.9) 124.0 (0.9) 0.002
Diastolic blood pressure (mmHg) 76.0 (0.6) 75.0 (0.6) 74.0 (0.6) 73.0 (0.6) 0.0005
Resting heart rate (beats min21) 65.3 (0.5) 64.9 (0.5) 63.5 (0.5) 61.7 (0.5) 0.0001
Fasting plasma glucose (g l21) 0.93 (0.01) 0.92 (0.01) 0.91 (0.01) 0.91 (0.01) 0.07
Total cholesterol (g l21) 2.16 (0.02) 2.10 (0.02) 2.10 (0.02) 2.15 (0.02) 0.04
High-density lipoprotein cholesterol (g l21) 0.73 (0.01) 0.78 (0.01) 0.78 (0.01) 0.82 (0.01) 0.0001
Triglycerides (g l21) 0.93 (0.02) 0.78 (0.02) 0.77 (0.02) 0.74 (0.02) 0.0001

*Means adjusted for age and educational level.
†Q1 to Q4 are sex-specific quartiles.
‡P-value for analysis of variance (P for trend).
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the panel of CVD risk factors examined. Such influence of

educational level has been examined specifically in

previous studies for outcomes such as BMI or indicators

of body fat distribution14,41. In a study by Baecke et al.41 in

young Dutch adults, OPA using their questionnaire was

positively associated with BMI but the strength of the

association was largely diminished when adjusting for

educational level. Using the same questionnaire, a positive

(though non-significant) association of work activity with

waist-to-hip ratio was very much reduced after taking into

account educational level in European men aged 38 years

studied by Seidell et al.14. The fact that waist circumference

remained positively associated with OPA after multi-

variable adjustment could reflect a remaining effect of

socio-economic status not captured by taking into account

educational level. Educational level is known as a strong

CVD predictor42 and is also a correlate of habitual physical

activity levels, aswe previously showed in French adults for

LTPA34,38. There is evidence that indicators of social class

are positively related to LTPA and negatively related to

Table 3 Mean (standard error of the mean)* cardiovascular risk factors according to quartile of occupational
physical activity

Q1† Q2 Q3 Q4 P‡

Men
n 792 891 636 781
Quartile limits 1.00–2.00 2.14–2.43 2.57–2.86 3.00–5.00
Age (years) 45.1 (9.4) 45.3 (9.5) 44.3 (9.5) 42.9 (9.9) –
Body mass index (kg m22) 25.4 (0.1) 25.6 (0.1) 25.4 (0.1) 25.7 (0.1) 0.44
Body fat percentage 21.0 (0.2) 21.1 (0.2) 20.9 (0.2) 21.2 (0.2) 0.79
Waist circumference (cm) 90.3 (0.3) 90.6 (0.3) 90.4 (0.4) 90.3 (0.4) 0.94
Systolic blood pressure (mmHg) 133.0 (0.6) 133.0 (0.6) 133.0 (0.7) 134.0 (0.7) 0.75
Diastolic blood pressure (mmHg) 79.0 (0.4) 80.0 (0.4) 80.0 (0.5) 80.0 (0.4) 0.69
Resting heart rate (beats min21) 60.8 (0.4) 61.3 (0.3) 61.9 (0.4) 61.5 (0.4) 0.24
Fasting plasma glucose (g l21) 0.98 (0.01) 0.98 (0.01) 0.98 (0.01) 0.98 (0.01) 0.92
Total cholesterol (g l21) 2.19 (0.01) 2.22 (0.01) 2.19 (0.02) 2.18 (0.02) 0.26
High-density lipoprotein cholesterol (g l21) 0.63 (0.01) 0.62 (0.01) 0.62 (0.01) 0.62 (0.01) 0.94
Triglycerides (g l21) 1.15 (0.03) 1.15 (0.03) 1.11 (0.04) 1.12 (0.04) 0.82

Women
n 278 313 248 295
Quartile limits 1.14–2.00 2.14–2.42 2.57–2.86 3.00–5.00
Age (years) 44.0 (10.3) 41.1 (10.1) 42.4 (10.3) 41.6 (10.9) –
Body mass index (kg m22) 23.1 (0.3) 23.0 (0.2) 23.5 (0.3) 23.9 (0.2) 0.07
Body fat percentage 28.3 (0.5) 28.0 (0.4) 28.6 (0.5) 29.3 (0.4) 0.18
Waist circumference (cm) 74.8 (0.6) 75.3 (0.5) 75.3 (0.6) 77.0 (0.5) 0.03
Systolic blood pressure (mmHg) 123.0 (1.1) 122.0 (1.0) 124.0 (1.1) 124.0 (1.0) 0.55
Diastolic blood pressure (mmHg) 73.0 (0.7) 73.0 (0.7) 73.0 (0.7) 75.0 (0.7) 0.38
Resting heart rate (beats min21) 62.4 (0.6) 63.5 (0.5) 64.4 (0.6) 63.3 (0.6) 0.11
Fasting plasma glucose (g l21) 0.91 (0.01) 0.91 (0.01) 0.91 (0.01) 0.91 (0.01) 0.78
Total cholesterol (g l21) 2.09 (0.02) 2.07 (0.02) 2.07 (0.02) 2.09 (0.02) 0.83
High-density lipoprotein cholesterol (g l21) 0.77 (0.01) 0.77 (0.01) 0.77 (0.01) 0.76 (0.01) 0.95
Triglycerides (g l21) 0.76 (0.02) 0.77 (0.02) 0.76 (0.02) 0.82 (0.02) 0.28

*Means adjusted for age and educational level.
†Q1 to Q4 are sex-specific quartiles.
‡P-value for analysis of variance (P for trend).

Table 4 Odds ratio (95% confidence interval)* for eating habits according to quartile of leisure-time physical activity

Q1† Q2 Q3 Q4

Men
1. Breakfast with more than only a beverage 1.00 1.45 (1.18–1.77) 1.93 (1.56–2.39) 2.42 (1.95–3.00)
2. Meat .200 g day21 1.00 0.75 (0.53–1.07) 0.49 (0.33–0.72) 0.68 (0.48–0.97)
3. Fish .4 times week21 1.00 1.24 (0.69–2.25) 1.42 (0.79–2.54) 1.74 (1.00–3.03)
4. Vegetables .4 times week21 1.00 1.22 (0.99–1.50) 1.64 (1.34–2.01) 1.81 (1.48–2.21)
5. Fresh fruit .4 times week21 1.00 1.18 (0.96–1.46) 1.59 (1.29–1.96) 2.05 (1.68–2.52)

Women
1. Breakfast with more than only a beverage 1.00 2.03 (1.46–2.83) 2.81 (1.97–4.00) 2.97 (2.09–4.21)
2. Meat .200 g day21 1.00 0.79 (0.44–1.43) 0.76 (0.42–1.39) 0.39 (0.19–0.80)
3. Fish .4 times week21 1.00 1.12 (0.52–2.42) 1.55 (0.76–3.17) 1.02 (0.47–2.22)
4. Vegetables .4 times week21 1.00 1.14 (0.86–1.53) 1.45 (1.09–1.93) 2.22 (1.66–2.97)
5. Fresh fruit .4 times week21 1.00 1.03 (0.77–1.39) 1.21 (0.91–1.62) 1.90 (1.41–2.55)

*Odds ratios from multivariate regression models with age and educational level.
†Q1 to Q4 are sex-specific quartiles (see Table 2).
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OPA13,30. However, mediators of the effect of socio-

economic position on the OPA–CVD risk factors relation-

ships would need further delineation. Psychosocial stress

and job strain (high demand, low control) in certain

occupations, especially those requiring low education,

were shown to be adversely associated with cardiovascular

health43.

Several other issues may be considered to explain the

differential associations of LTPA and OPA with CVD risk

factors and eating habits under study. First, a limited range

of activity levels across most current professional occu-

pations may have obscured any association with physical

activity at work. However, SDs for the Baecke work index

in the present study were of about the same magnitude as

those for the leisure and sport indices. Second, the validity

of the work index of the Baecke questionnaire appears

lower than the other indices when measures of physical

fitness, e.g. aerobic capacity ( _VO2max), are used as

criterion25. Our data for resting heart rate as a surrogate

marker for physical fitness may support this notion. We

found resting heart rate was negatively associated with

LTPA but OPA, in agreement with previous reports17. Third,

characteristics of physical activity at work, mainly long

lasting and static, differ from most activities performed

during leisure, mainly short lasting and dynamic13,44, and

may result in different effects on the level of CVD risk

factors as well as eating habits. For example, LTPA, when

vigorous, could stimulate the sympathetic nervous system

and induce a negative energy or fat balance through

activation of skeletal muscle metabolism, whereas OPA

could favour a positive energy or fat balance by stress

activation of the hypothalamic–pituitary–adrenal axis and

glucocorticoids, resulting in increased appetite and food

intake45,46. Moreover, different aspects of OPA itself may

have different influences, as suggested recently47. In a

case–control study, it was shown that walking at work,

considered an aerobic activity, was associated with a

decreased risk of myocardial infarction, whereas heavy

lifting at work, regarded as mainly anaerobic activity, was

associated with an increased risk47.

The present study has a cross-sectional design, thus it is

not possible to conclude on causality. Subjects were mostly

middle-aged relatively highly educated adults, seen in a

preventive medicine centre for a free medical examination

in Paris, France. However, the distribution of educational

categories was close to data for the Paris area from the

French National Institute of Statistics and Economic Studies

(Institut National de la Statistique et des Etudes Econo-

miques, Paris, France; www.insee.fr). When using the

Baecke questionnaire, physical activity variables are

expressed in arbitrary units, therefore limiting discussions

about dose–response issues in terms of respective

relationships of moderate and vigorous activity on health

outcomes1. Also, the summary indices derived from this

questionnaire do not allow to study in detail domains of

habitual physical activity such as home or transport

physical activity, which have been inversely associated

with CVD risk factors48,49. Recall bias is inherent to self-

reported questionnaires and some misclassifications may

have occurred both for physical activity and eating habits. It

is known that self-reportedmeasures of physical activity are

likely to contain errors of overreporting1,22. Finally, eating

habits were assessed using a simplified food-frequency

questionnaire, and this did not allow us to analyse in detail

the influence of dietary intakes on the relationships of

physical activity with CVD risk factors.

In conclusion, results of this study strongly underline

the favourable associations of physical activity during

leisure time with a large set of markers of CVD risk and

with some healthy eating habits known as protective

against CVD. Importantly, these relationships were

observed in both genders, independent of socio-economic

status as reflected by educational level, and independent

of physical activity at work. Leisure physical activity is a

modifiable health behaviour. In the development and

implementation of intervention programmes and public

health policies designed to increase physical activity to

recommended levels in similar populations, the practical

implications of our findings are that LTPA remains a major

target behaviour. Further investigation of social and

behavioural, especially dietary, factors that could explain

the less favourable relationships of OPA with cardiovas-

cular outcomes seems warranted, together with consider-

ation of other types of physical activity not specifically

taken into account here, such as commuting and home-

related physical activity.
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